INTRODUCTION {#sec1-1}
============

A systematic and well-organized dental care program for any community requires some basic information such as the prevalence of the condition. In developing countries, such information is scarce. Despite efforts in the Arab world during the last decades to make health systems more equitable, access to dental health-care is still far from adequate, especially in poor communities.\[[@ref1][@ref2]\]

In the past, isolated epidemiological studies have been carried out in Arab countries to determine the prevalence of orthodontic treatment need. The reported prevalence of orthodontic need ranged from 17.4% in Iraq to 75.5% in Saudi Arabia.\[[@ref3][@ref4]\]

Regarding the perceived need for orthodontic treatment, it was also diverse. Farah\[[@ref5]\] examined 101 9-10-year-old Iraqi children and found that 61% were willing to have orthodontic treatment. In Jordan, Abu Alhaija *et al*.\[[@ref2]\] examined 1002 children with age ranging from 12 to 14 year-old and reported that 34% of the children were willing to accept orthodontic treatment. Finally, in Kuwait, it was reported that 36% of the 1076 children with age ranging from 14 to 18 year-old examined subjects would like to have orthodontic treatment.\[[@ref6]\]

Eslamipour *et al*.,\[[@ref7]\] reported that about 21.8% of the evaluated Iranian school children in their sample had a DAI score above or equal to 31 points, suggesting highly desirable or mandatory orthodontic treatment need. Another study in the same geographical area; however, reported significantly higher estimate of treatment need.\[[@ref8][@ref9]\]

The use of different indices, each one with its own approach, to record the orthodontic treatment need may have contributed to such reported differences.\[[@ref10]\] The dental aesthetic index (DAI) is one of the indexes that directly combines professional\'s and perceived orthodontic need providing a single score linking the public\'s perceptions for dental aesthetics with objective measurements associated with the malocclusion. The DAI can be useful in both epidemiological surveys and as a screening device to prioritize subsidized orthodontic treatment in public programs where resources are insufficient to meet the demand.\[[@ref11]\]

The DAI has been adopted by the World Health Organization as a cross-cultural index to be applied among diverse ethnic groups without modification.\[[@ref12]\] Therefore, it can be used as an epidemiological index for using in developing countries, which lack a specifically developed orthodontic treatment need service.\[[@ref13]\] It also has been used in some previous epidemiological studies all around the world. Yemen is a country on the Arabian Peninsula in Southwest Asia and is part of the Middle East. However, no available data on the prevalence, distribution and severity of malocclusion or the orthodontic treatment need of the population representative of the whole of Yemen is available. The lack of data on the distribution, prevalence and severity of malocclusion in Yemen likely affects the effective planning for the orthodontic services, which is needed to address the ever-increasing demand for orthodontic treatment.

Therefore, the aim of this study was to evaluate the prevalence and severity of selected malocclusion traits incorporated in the DAI index and orthodontic treatment need in a representative sample of 12-year-old Yemeni schoolchildren using the Dental Aesthetic Index (DAI).

MATERIALS AND METHODS {#sec1-2}
=====================

Ethical permission for this study was obtained from the general directorate of education in Yemen and the regional directorate of education in the governorates. A random sample of 12-year-old children was selected from schools in six randomly selected governorates from Yemen, which included 3003 subjects and consists of 1501 female and 1502 male.

In each governorate, the same multistage stratified sampling technique was implemented. From each sector, 500 children were included in the survey, half of whom were urban and the other half were rural. All school authorities were contacted and the aim of the study was explained for them to ensure full cooperation.

All children were examined seated in a chair with their head supported in an upright position and the examiner standing in front of the chair. Portable light was used to supplement natural daylight during the examination when needed. At the end of every day case sheets were reviewed to ensure the accuracy of recording.

DAI includes ten components that are later combined through rounded regression coefficients (weights). Scores for each component were multiplied by a previously reported weight and a constant was added to obtain a final DAI score for each child.\[[@ref11][@ref12]\] Cases are later classified based on four treatment need categories.

Statistical Analysis {#sec2-1}
--------------------

The statistical package for the social sciences 13.0, IBM Corporation, New York, NY, was used for statistical analysis and the level of significance was set at 0.05 (*P* \< 0.05). The following tests were performed:

Classification of data and calculation of frequencies for non-parametric variables.Calculation of statistical parameters for parametric variables such as mean, standard deviation (SD) and 95% confidence interval of the mean DAI scores.Analysis of the parametric variables by Student *t*-tests.The gender distribution of DAI categories was compared using the Chi-square test.

RESULTS {#sec1-3}
=======

The distribution of DAI scores for the sample is displayed in [Figure 1](#F1){ref-type="fig"}. The highest DAI score recorded was 46 and the most commonly registered DAI score was 23. The mean (SD) of the DAI score was 24.86 (8.44) points. After dichotomizing the study sample according to the recommended cut-off point (DAI score of 31), 36.6% of the students required orthodontic treatment \[[Table 1](#T1){ref-type="table"}\].
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Distribution of the DAI scores in the study sample
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Almost two-third (63.4%) of the children examined had a dental appearance where orthodontic treatment need was considered "slight" or "not indicated." Approximately, 17.6% fell into the malocclusion group where orthodontic treatment was considered as "elective." The rest presented with malocclusions with severe to very severe severity according to the DAI (DAI ≥ 31), where orthodontic treatment were "highly desirable" (13.0%) or "mandatory" (6.0%).

Although there was no gender difference in the mean DAI score (*P* \> 0.05), the sex distribution of the DAI treatment categories was significantly different (Chi-square = 13.258, df = 3, *P* = 0.004). [Table 1](#T1){ref-type="table"} demonstrates that DAI scores of 31 and more, where there is severe malocclusion and treatment is highly desirable or mandatory, were more prevalent in females (21.5%) than males (16.5%) while DAI scores of 13-25 where there is no treatment need or slight need were found more prevalent in males (65.8%) than females (60.8%). Females showed a comparable mean (SD) for DAI scores 25.05 (5.62) to that of males 24.67 (6.32). This result was statistically insignificant (*P* \> 0.05).

The distribution of the 10 components evaluated for obtaining the DAI score is shown in [Table 2](#T2){ref-type="table"}. The majority of the sample (69.4%) presented with a normal molar relationship and dental crowding was the most common malocclusion sign.

###### 

Selected malocclusion traits of Yemeni school children evaluated using the DAI
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DISCUSSION {#sec1-4}
==========

Although the DAI has been broadly used to determine orthodontic treatment need in epidemiological studies around the world over recent years, it has not been used to estimate the prevalence of malocclusion and orthodontic treatment need in Yemeni populations. The lack of data on the distribution, prevalence and severity of malocclusions in Yemen can potentially influence the effective planning for the orthodontic services, which is needed to address the ever-increasing demand for orthodontic treatment.

The use of dentition stage rather than chronological age as inclusion criteria for surveys using the DAI has not been used to evaluate the orthodontic treatment need in other adolescent populations, except in South Africa where one-third of school children (12 years) had a highly desirable or mandatory orthodontic treatment need.\[[@ref14]\] The DAI was selected for this study because it has been recommended by the World Health Organization as a cross-cultural index.\[[@ref12][@ref15][@ref16][@ref17][@ref18]\] It combines both objective occlusal and the subjective esthetic aspects of the occlusion;\[[@ref11][@ref19]\] although does not allow a clear differentiation between them. It has been claimed that the DAI was a relatively simple and highly reliable index that has been widely used.\[[@ref20]\]

Similar to most previously used occlusal indices, DAI has some limitations such as its subjective nature, which is based on aesthetic evaluation of the frontal view of the dentition. It also does not assess all occlusal traits.\[[@ref21][@ref22]\] The DAI scores ranged between 13 and 46; the most commonly registered DAI score was 23 (9.8% of the sample). This result of the present investigation showed that the Yemeni, American and Iraqi samples had a comparable median.\[[@ref3][@ref23]\] Several studies have previously applied the DAI without modifications or adaptations to different ethnic or cultural settings.\[[@ref17][@ref19][@ref21]\] Overall, 36.6% had a dental appearance that required orthodontic treatment, ranging from 'selective' to 'mandatory'. At the cutoff point of 31 suggested by Jenny,\[[@ref11]\] 19.0% presented with severe and handicapping malocclusion, requiring 'definite' and 'mandatory' treatment. When comparing these results with those found by others\[[@ref22][@ref24][@ref25]\] the Yemeni sample seems to have a lower orthodontic treatment need than that of samples taken from Australian, New Zealanders or Malaysians. However, for a Nigerian sample, a lower treatment need was reported than that of the present study.\[[@ref17]\] These differences might be due to racial variations.

An analysis of the DAI components sheds some light on selected malocclusion traits that are more commonly present. This analysis suggested that malocclusion in the present Yemeni school children can be characterized by significant dental crowding, a relatively high frequency of missing teeth, anterior mandibular overjet and anterior open bite \[[Table 2](#T2){ref-type="table"}\]. Only one previous study reporting analysis by components could be found in the Arabic world.\[[@ref3]\] This type of analysis has been previously made in Spanish, Nigerian and Peruvian.\[[@ref18][@ref20][@ref21]\] Differences in some of the DAI components help explain the differences in the DAI scores reported in the Yemeni and Iraqi school children. The Yemeni schoolchildren appeared to have higher orthodontic treatment needs. In the Iraqi populations,\[[@ref3]\] the frequency of individuals presenting with at least one missing tooth was lower (3.4%) compared with the present findings (7.9%). Dental crowding in at least one dental arch was reported in 19.6% of Iraqi children, compared to 31.4% in the present study. The slight increase in the anterior arch dimension during normal development is not sufficient to overcome moderate to severe discrepancies. Therefore, crowding is likely to persist into the permanent dentition, particularly if it was initially severe.\[[@ref26]\]

Jenny *et al*.\[[@ref23]\] suggested that inherited differences in tooth size and arch size could be one reason for differences in DAI scores as the DAI includes measurements of the most relevant orthodontic traits that affect dental esthetics, such as crowding. The prevalence of anterior mandibular overjet, indicative of Class III malocclusion or anterior crossbite, was 10.7% in the present sample and that was twice of the reported prevalence by Al-Huwaizi.\[[@ref3]\] Another study in the middle east also reported a relatively higher prevalence of Class III malocclusions in that region.\[[@ref27]\] In the present study, 8.3% of the children presented with anterior openbite that was four-fold higher than what was found by Al-Huwaizi.\[[@ref3]\] This difference may be attributed to varying prevalence of oral habits (i.e. digit sucking), which can have a major role in formation of anterior openbite. In a malocclusion study in Nigeria, on 12-to 13-year-old children, Otuyemi *et al*.\[[@ref17]\] reported that anterior openbite was a common malocclusion trait and that it occurred in 10.2% of the rural and urban Nigerian communities.

When posterior occlusal relationships were compared between the two populations, molar relations other than Class I was similar in Yemeni (30.6%) and Iraqi school children (27.3%). The DAI has been used in the early permanent dentition stage.\[[@ref28]\] Most of the present sample (73.9%) fell into that stage. For the rest of the sample some of the occlusal traits measured may improve with the transition from the mixed dentition stage to the permanent dentition stage, resulting in an improvement of the DAI score.\[[@ref29]\] Differences in dentition stage according to gender has been reported; Girls were more dentally advanced.\[[@ref14][@ref24]\] These variations may be attributed to the differences in dental development and the early maturation of girls.\[[@ref14][@ref24]\]

At present, there is no doubt that in Yemen many children with severe and handicapping malocclusion are not receiving orthodontic treatment. As the general dental health and socio-economic status of the population of Yemen improve, it is more likely that the number of children seeking orthodontic treatment increases. This possible increase in patients seeking orthodontic care and the already high prevalence of malocclusion necessitates careful planning of adequate orthodontic services in Yemen. For orthodontic problems, prevention is unlikely to be highly effective as malocclusions change only a little and specific prevention measures for alignment or occlusal problems do not exist at present.\[[@ref30]\] Interceptive orthodontic treatment can be very helpful in reducing the severity of the problems, but often later treatment becomes unnecessary.\[[@ref27]\] Orthodontic services should therefore be comprehensive, delivering appropriate treatment in response to specific situations, resulting in the efficient treatment of non-skeletal and skeletal problems.

From the findings of the present investigation and other studies conducted elsewhere using the DAI, it appears that the prevalence and treatment need are slightly higher for younger children than for older groups.\[[@ref7][@ref15][@ref24]\] This inverse relationship between chronological and DAI findings needs to be taken in consideration when using the DAI to plan orthodontic services. The use of dentition stage rather than chronological age as inclusion criteria for surveys using the DAI also needs to be explored.

To conclude, the limitations of the occlusal indices should be considered in the interpretation of the findings of this study, that is, the lack of evidence based criteria for measuring the malocclusion\[[@ref31]\] or subjective nature of some of these indices.\[[@ref32]\]

CONCLUSIONS {#sec1-5}
===========

The DAI score ranged between 13 and 46 with a mean (SD) of 24.89 (8.44).Malocclusion as assessed by DAI was characterized by a relatively high frequency of missing teeth, dental crowding, as well as a relatively high frequency of anterior mandibular overjet (Class III malocclusions).According the DAI, almost 6% of the evaluated Yemeni school children had a mandatory need for orthodontic treatment. If the highly desirable category (DAI ≥ 31) is considered, the need would increase to one-fifth (19%) of the sample.
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